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INTRODUCTLON

Considerable attentionls3,4,5,11 has_beén'given to
the problem of bridge'deck'deterioration. In general; the
results have shown that one of the most significant causes of
rusﬁing 6f the steel and s?alling concrete is the ﬁse of salt
for snow, ice, and frostICOntrol.on bridée decks. In this
respect, studies have been made to determine the feasibility
of (1) the heating of bridge decﬁs and thus reduce or elimi—i
nate the need for salt to prevent frosting or icing; (2) use
of waterproof membranes wherein salt is‘prevented from doming
in contact with the concrete; (3) use of polymers or other
penetration type sealers which may make concrete itself
sufficiently waterproof that chlorides may not be able to
penetrate the concrete in a short time; and (4) studies of
use of chemicals other than chloride which not only will
control ice and frost, but will be noncorrosive to either
the concrete 1mbedded steel or the concrete itself2,6,7,8,9,

In a previous study, a total of 17 different poten-
tial deicing chemicals were subjected to various laboratory
and field testsll., Of these 17 chemicals, only sodium formate
and tetrapotassium pyrophosphate were found to be reasonably
effective alternative deicing chemicals and yet not be any
- more toxic or ecologically harmful than sodium chloride.
However, sodium formate was found to attack concrete by the
apparent mechanism of its crystai formation being of Qreater
volume than the concrete capillaries and thus resulting in
damage when alternately wet and dried. The same is true of

sodium chloride, but at a lesser rate of distress.

1
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As a result of the initial studyll, tetrapotassium

' pyrophosphate (TKPP) was tested by highway maintenance forces

at selected bridge locations. These bridges were "salted" to
prevent frosting and not for the purpose of snow and ice
removal. The previous work had shown that a liquid solution

of TKPP could melt about one inch (2.5 cm) of continuously

falllng snow on a pavement However, because it costs about

15 times more than salt, its use was considered as most
appropriate for those locations where only the bridge deck is
"salted". Initialiy the work was primarily oriented toward a

laboratory search for alternative deicing chemicals with

" research personnel performing a minimum field evaluation to
. - ‘>__«.-!.... . .

confirm the test results. This report presents the results
of the use of the chemicals by maintenance personnel to
determine if there Were any operational difficulties. Also,

the previous work indicated that the frost prevention abilities

'”fof TKPP was severely 11m1ted when the temperature was less

ClibPDF -
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than about 25°F (-4°C). Although TKPP was found to be mildly
corrosive to steel its corrosiveness could be reduced by the

addltlon of about 2% by welght of calcium hydroxide to the

- solution. This addition of lime is not considered necessary

for use on a bridge deck, but only useful when corrosion of

vehicles or containers is considered. Apparently TKPP does

s

‘not penetrate structural guality concrete and cause corrosion

of the 1mbedded steel Thls is evidenced by the fact that the
removal of the effects of the TKPP seems to be only related to

"tracking" of the material to the abuting pavement and the

' washing effect of rainfall. Also, during dry weather, crystals

of ‘the chemical are observed on the surface of the pavement.
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This report is the finalization of the original work
wherein the results of two years of field testing at selected
locations are related, as well as further evaluations of skid

resistance and corrosion..

IMPLEMENTATION ¥

The utilization of the alternative deiding chemicals has been
recommended to the Office of Structures and the Maintenance

Branch of the California Departmént of Transportation.

ClibPDF - www .fastio.com
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 SUMMARY AND CONCLUSIONS

Field Tests - Frost Prevention

Based on a preliminary Study, tetrapotassium pyrohpos-
phate (TKPP) appeared.tq be an effective frost preventing
chemical for temperaturés greater than about 25°F (=4°C) on
bridge decks. ~In addition,.iﬁ there was no rainfall, it was
found to be effective for periods of up to two weeks without
reapplication.

In this second study, it was difficult to evaluate the
relative effectiveness of the TKPP on the California state
highway bridges. This is because, for safety reasons, the
chemicalzhgd_go be appliéd to the whole surface of the bridge
deck. ‘?gg;efpre; even though cpnditions were such that frost
would forﬁxqp“the raila but not on the deck, testing of frost
prevention was inconclusive. No “control" area could be Rro~
vided wherein part of the deck would not receive application

of the chemical. Howéver,xteéting on one~half of a county

bridge deck confirmed that TKPP was effective in preventing

"frost. This does negate the fact that in previous work, an

application of the liguid TKPP to a dry pavement would, by
itself, melt about one inch (2.5,cm)hof éhsuing snowfall.
Because of the high cost of TKPP, it is only considered

for use on bridge decks to inhibit formation of frost, where

* temperatures rarely go below 25°F (-4°C). Chloride type salt

still remains the most economically feasible method for
controlling ice on the many miles of highway pavement in snow

areas.


http://www.fastio.com/

ClibPDF -

Field Tests - Skid Testing -

Skid tests were performed using solutions of sodium

chloride, teﬁfapbtassium pyrophosphate (TKPP)Iand urea on

both concrete and asphalt concrete pavements. Work with the
towed skid test trailer, ASTM Tést Method E274-65T, showed
that this method was not applicable for evaluating the effect
of different solutions on pavement friction. (See 1ate£ dig~
cussion.) This was because the test method requires the
application of water which overshadows the presence of the
chemical. A skidding car method was determined to be the best
test method available td Maintenance Superintendents for
evaluating TKPP on éavement surfacesl0, Theoreticél analysis
and field tests suggest that i1f a wvehicle that is traveling

at 10 mph can stop in less than 8 feet of locked wheel braking,

the pavement can be considered as not being slippery. Limited

test resuits‘using the skidding car method indicate that
individual applications of up to 0,01 1bs./sq.ft. bf.30% fKPP
solution will not significantly afféct the slipperiness of the
roadway. However, much depends upon the surface ﬁexture of
the pavement becausé with a smooth pavement, even plain water
can be a hazard.

Initially, the field tests of the TKPP solution
encompassed the application of sahd at the same time. It was
found that the sand application itself caused the deck to be
"slippery" and this opération was discontinued. Apparently
sand is efféctive for packed snow and ice, but not necessarily
satisfactory for wet ér ffdst& conditions except as a

"blotter".

www . fastio.com
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Effect of TKPP on Glass

and Asphalt Concrete

Preliminary tests on automobile windshield glass
indicate that 30% solution of TKPP (with.alco;rosion inhibitor
of lime) had no effect on the tested glaés.

A.limited'test on asphalt concrete briquets that were
cycled betweén immersion in a 60% TKPP solution ahd drying in
a.140°F (60°C) oven have shown no visually apparent undesirable

effects..

Séd&ﬁm”@brﬁété“aha?‘

' Asphalt’ Concrete

Visually, test results indicate that sodium formate

has little adverse effect on asphalt concrete.

conéréte Durability

To test concrete durability, length change was
measured anglphygidai appearance was noted when samples were
alternately oveanried for 7 days in a 140°F (60°C) oven and
immersed for 7Adéys in-a solption of the chemical under
consideration. The resﬁlts of this test are as follows:

1. Both 4—1/2—séck and 7=-sack air entrained concrete mixes
will deteriorate when alternately immersed in a satu-
rated sodium chloride sqlution. ﬂ:‘ _

2. Both 4=-1/2-sack and_?-saék air entrained concrete mixes
sﬁffer ho apparent deterioration when alternately

immersed in a solution of plain tap water, saturated

urea solution, or a 60% TKPP solution.

.
i

|
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TKPP and the

Corrosion of Steel

| Steel immersed in a 5% solution of TKPP, with a cor-

rosion inhibitor consiéting of 2% lime, resulted in an

ingignificant corrosion rate of 0.053 mils per year. A 3%
sodium chloride solution resulted in a corrosion rate of
approximately 4 miles per year, while ih distilled water,
steel corroded at a rate of 6.0 mils per year.,

“"It should be pointed_out that TKPP is apparently not
readily absorbed by concrete. Therefore, the corrosivity of
this chemical.to'steel would probably be limited to bare

steel on spray equipmént or vehicles.

Field Skid-Testinge

Towed trailer skid tests were performed on all
bridges beiﬁg used in the field study to determine skid
characteristics of the surface prior to appljing chemicals.,
However, the towed skid test trailer (ASTM Method E274-65T)
did not show the effect of thé different chemicals on the
slipperiness of the pavement. The towed trailer places a
calibrated stream of water between the skidding tire and
the road surface. As most chemicals used are water soluble,
the stfeam of water apparently dilutes and/or removes the
chemicals from the wheelpath, Also, no relationship was
found between the application of the chemical and the skid

number of the road surface. )
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Since the commonly used skié‘testing devices did not
 show the true effect of the chemical, it was decided to try
the skidding car methodl0, This method consists of measuring
the length of skid of a standard sedan with locked wheels.
The automobile was equipped with a powder actuated marking
device connected to the brake pedal. The test speed used
was 10 mph. The distance between a chalk mark fired on the
pavement occurring at the instant of wheel lock and another
one'made after stopping, is the measure of skid resistance.
The speciaily mounted speedometer to more easily control

the test speed is shown on Figure 1, while Figure 2 shows the

special marking devices mounted on the automobile bumper.

J& -

Figure 1. Two-shot marking device mounted on
test vehicle.

ClibPDE = wyw fastio.com
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| Figure 2. A special 0-30 mph speedometer is mounted
adjacent to the steering wheel to better

control the 10 mph test speed

After several trials it was decided that a "go - no go"
test result for the effect of the deicing chemical on the pave-
ment should be used. The criterion for the test was that the
application of the chemical should not cause a serious
degradation of the coefficient of friction of the pavement
sﬁrface and the maximum average stopping diétance should not

exceed 8 feet. 1In this regard the following equation was used

ClibPDF - www .fastio.com
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' to calculate the maximum allowable stopping distance from a

vehicle velocity of 10 mph:

P

—— e et e e e " o * * 4 e 2 & T 5 8 " s B a2 » (l)

hileseper hour (10)

Wherein: 'V =

U}y“
il

dlstance travelled before stopping,
feet |
f = coefficient of friction

{a value of 0.40 for this coefficient was selected as

being reasonably good.)

Using a speed of 10 mph and an "f" of 0.40, calculation

‘&!_‘4

indicates that the pavement would have a sufficiently great

skid re51stance if the vehlcle does not skid more than about
8 feet when braking from a velocity of 10 mph.
As 1nd1cated by Table 1, the greatest 1nfluence on the

skld dlstance on a portland cement concrete deck was whether

or not lt was wet or dry. However, in all cases, the average

PO S

' skid distance was less than 8 feet, therefore the deck surface
[ SRR S
of these brldges was con51dered to be of adequate roughness

i

for safe appllcatlon of water or the deicing chemical used

(TKPP).

10
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When TKPP wﬁs'ééélied With a hénd éprayer on a

relatively smooth AC covered bridge deck, one skid out 6f

. five was greater than 8 feet. A series of four tests where the
bfidge deck surface was wet Idﬁe to high humidity), resulted
in one test out of four being over 8 feet. In this case, th?
very old irregular surface of the bridge combined with the |
hand application of the chemical produced puddles of chemical
and water on the surface, and ;esulted in some of the tests
eﬁéééding a distance of 8 feet. In some cases where skid
resistance of the deck surface.is already borderiine, the
application of the deicing solution (or water) can lower skid

resistance below the desired level.

i1
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Table 1

Skid Tests

AF ok ¥4 SF AR FF ¥R 4% gy

: SURFACE CONDITION

: : . Wet2 : Wetd  : wet4
:_Condition : Dry : (Water) : (Chemical) : (Chemical-Humidity)
: pcc Bridge Deckl

. Avg. Skid :  : : | ;

: Distance, ; 4.7 : 6;3 : 6.3 : 6.6
; No, Teééézz -ié : . 8 : ‘20 : 2
:_AC overlaid Bridge Deck

: Avg. Skid : : : :

; Distance, : 5.4 ;’ 5.7 : 6.8 : 7.1
: Feeti : : : :

% 8% 9% A0 B¢ A% 4P BF B8 #4498 W

at e s

Note: lgrid tests are braking distance when vehicle velocity
is 10 mph.

2sprayed to have continuous film of water.
3Immediately after applying 0.01 1b,/sq.ft. of TKPP

4De11quescént effect of chemical in producing a wet

deck during high humidity

12
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LABORATORY TEST DETAILS

Sodium Formate and

~ Asphalt Concrete.

www . fastio.com

In this test, asphalt concrete briquets were cycled

between 7 days of immersion in a saturated sodium formate

Solution and 7 days of drying in a 140°F oven. Also, one sample

which was made up of approximately a 1-1/4" thick layer of
asphalt concrete on top of a l-foot square concrete block,
was also cycled. After five alternate wet and dry cycles,

no serious deterioration occurred in the AC surfacing or

“briquets. There did not appear to be any loss of bond between

the AC and the concrete. There was, however, severe deterio=-
ration of the exposed concrete surface of the l-foot square

block.

PCC Concrete Durability

In order to determine to what degree the various deicing
chemicals could adversely affect concrete, 84 cylinders
(4-1/2 x 9 inches) with imbedded gage iplugs at each end were

subjected to alternate immersion tests. Changes in length

13
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"and observations of physical distress were noted. The cylinders

were made from twd.mix designs; one having 4-1/2 sacks of cement
pet cubic.yard at 2—3/4-inch‘slump and 5.8% entrained air, and
the other having 7 sacks of cement per cubic yard at 4-inch
slump with 4.5% entrained air. All cylinders were cured for a
minimum of 28 days by complete immersion in tap water at room
te@peratureflthen‘oven dried at 140°F (60°C) for 28 days in a

forced draft oven. In one series the specimens were alter-

. nately completely immersed in the solutions for 7 days followed

by‘pven drying 7 days at 140°F (60°C). Changes in length and
Wéight were measured'and visual distress noted after each cycle.
In a second serles, other specimens were continually partially

lmmersed (2 inches) in the solutions with no oven drying.

Flgure 3 shows the results of alternate immersion-oven drying

on 1ength change for each of the solutions used. A summary

of these tests is as follows:

A. Both 4-1/2 and 7-sack concrete cylinders were not
significantly affected after 41 cycles of wet~dry

tests when alternately submerged in tap water.

B. Concrete cylinders cycled and fully submerged in a
saturated sodium chloride soltuion were first obsgerved

to have scaling of the surfaces of all cylinders after

14
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'”the:third cycle. » Progressive deterioration of the surface

continued for approximately 80 cycles, After 80 Cycles,
the deterioration was- so severea that the test was disg-
continued, The typical detefiofation of the 7-sack con-
crate that was alternately immersed in the sodium chloride

solution ig shown on Figure 4,

fEigure 4, A-]1 and-A-Z‘- 7-sack congrete cylinders

after 40 cycles in a sodium chloride

Solution

leé

- www fastio.com
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C. No adverse effect was noted on the cylinders which were

partially immersed in tapwater; saturated sodium formate,

or saturated sodium chloride.

D. After 3 cycles of complete immersion and oven drying in
the sodium formate solution, the 7-sack concrete exhibited

severe distress. (See Figure 5.)

Figure 5, Appearance of concrete after three

cycles of exposure to sodium formate

17
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After 25 cYcleéhin a 60% solution of TKPP, no deteriora-

tion was evident on either the 4-1/2 or 7-sack concrete

cylinders.

F. After 25 cycles in a saturated urea solution, only
negligible surface scaling was observed on the 4-1/2

and 7-sack concrete cylinders.

Field Trial of'iﬁﬁévé

The chéﬁiéél TKPP underwent field trials during the
winters of 1971'éﬁd 1972 -in seven geographic areas of
California; Thé‘test areas included locations where only the
bridge decks wogldlbecome frosty, and there was no snowfall,
and in other aregs,where heéﬁy snow and icing occurred. In
these latter loﬁaﬁions, TKP? was not effective in this test
series because 6f £he low temperatures encountered {less than
259F (=4°C)).

The folloﬁing is alsummary of the observations con-

cerning the effectiveness of TKPP in the various locations:

. Location 1
Russian River Bridge No. 10-182

)
Elevation - 710 feet

TKPP was applied at a rate of 0.01 lb./sqg.ft. of deck

and remained in plade for 15 days. WNo frost occurred after

18

ClihPD wwwLfastio.com


http://www.fastio.com/

!
| ¥

\

éﬁpliéatipn_at this location. LThg chemical appeared to be
“availablg“ because there was evidence of fofmaticn of TKPP
crystals upon evaporation of ﬁhe water, and the'pavement
appeared wet in the early morning due to the deliquescent effect
of the chemical. No evidence of pavement slipperinéss was
noted. A "wet" appearance of the deck has been evidence tha£

TKkpp has prevented or controlled frosting.

Location 2
Grass Valley Creek
Bridge No. 5-10 -~ PCC deck, Elevation 2200 feet

Bridge No. 5-13 -~ AC overlay, Elevation 2110 feet

A spray solution of 30% TKPP was applied at a rate of
0.01 lb./sq.ft. Two days after the application, frost
conditions were present as the temperature was 27°F (-3°C) and
the relative humidity reached about 100%, The decks did not
frost over; however, they were wet due to the deliquescent
effect of the chemical., On both of these structures, at a
laier date, the TKPP powder was applied in conjunction with
1-1/2 cu.yd. of sand. The wet sand froze to the bridge decks.

For these same decks, the normal application of chemical
solution was applied and'was reported to be effective for a
period of 7 days because of the early morning wet appearing

decks.
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A;seéond apﬁiiéétioh of the chemical was made and three

‘days later the temperature was 22°F (~6°C) and frost was

'iobserved on the ground adjacent to the bridges. The bridges at

this time were frost-free but "wet" appearing. No pavement

slipperiness. was observed.

On Bridge 5-10, the average gkid distance on dry pave-—
méht'Was 4.S:feet, while on wet pavement containing TKPP,
the average distance was 4.8 feet.

On Bridge 5-13, the average skid distance was 3.5 feet

on dry pavement and 4.5 feet on wet pavement containing TKPP.

' Lobation 3

Sacramento WE1r,_;_Q

Brldge 22-32. Wlth Overlay

\ A 30% splutlon of=TKPP was applied at a rate of 0.01

'lb./sq.ft._of deck surface. Immediately after applying the

chemical, it was found that a pickup truck could quickly stop

on the bridge.. However, within 10 minutes after applying the

chemlcal, a llght appllcation of sand was placed on the bridge

_deck. The sand caused the pickup truck to slide on the bridge

deck when the brakes were applied, As soon as traffic whipped

the sand from the travelled way, the deck was no longer

_slippery;' Sand was not reapplied'with'the deicing chemical

at this:location. .
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Two dayé'oftef'the application.of the chemioai,

the bridge was under frost conditions as the temperature was
29°F (-2°C) énd frost was observed on the guafdrails. The
bridge deck had a wet appearance. It was necessary to salt
and sand nearby bridges. On this bridge, at one timé one day
after the application of the chemical, the maintenance fore-
man reported that the pavement was slippery when the pavement
appeared wet, The early morning temperature was about 27°F
(-3°C). It is poSsible that the chemical was too heavily
aéplied wheo considering the residual chemical that was still
ih_pioce on the deck., It was effective in preventing froét |
during‘frost conditions on this deck for a maximum period of

12 days when there was no rainfall.

Location No. 4
Wheatland Bear River Bridge

PCC Deck; Elevation -~ 108 feet

One standard application of chemical was observed to
be effective on this bridge for an estimated period of 19 days.
Even though this bridge showed evidence of frost on the rails
but not on the deck during this time period, another bridge

about 7 miles distant received 20 applications of salt and
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sand. This bridgé had an average skid numbér of Sngg of 46,
while the skid distance on the dry deck was 4.8 feet. When
wet with plein water, the average distance was 6.4 feet, and

wet with a TKPP solution, the average distance was 6.3 feet.

ﬁbcation*S

Bridge'565184;.Hemet Valley Creek

Elevation 4360 feet, AC Overlay

One standard appllcatlon of chemlcal was placed on
thls brldge deck at tlme 1ntervals of 6, 9, and 7 days. During
thms perlod, the deck had a wet appearance ‘in the early mornzng

w1th no frost present on the deck ' The minimum morning tem-—

perature was about_24°F (-4°C) for an estimated 4 days.

Adjacent bridges required salt and sand for frost prevention.
No slipperiness of the deck was observed by the maintenance

personnel.

Location No. 6 . .
Bridge 39-44, Bradley Oveérhead
Dist; 1o, Elevation 170 feet,-

AC Overlay

TKPP was applied and'thought to cause slipperiness.

Use of chemical was discontinued.

22

wiwvw fastio.com


http://www.fastio.com/

ClibPDF -

www . fastio.com

Location No. 7
G., S, Housely Bridge, Sutter County
Corrugated Steel Plank Deck with AC

Riding Surface

The bridge is a county-owned bridge that does not
normally receive deiciﬁg chemicals. Therefore, TKPP was
applied only to the northbound lahe, and the southbound lane
was left untreated as a control. The typical means for
applying the Eﬁemical is shown in Figure 6.

Two days after TKPP solution was applied, the south-
bouﬁd lane was frosty (no chemical), while the treated north-
bound lané was frost-free but wet. The air temperature was
29°F (-2°C), while the relative humidity was 90%. The t&pical
appearance of this bridge during the test is shown on Figure 7.

The structure was maintained in a frost-free condi-
tion during the entire test period., The early morning
temperatures did nbt fall below about 24°F (=4°C).

The results of using the chemical on the skid resis-
tance of this deck surface is shown on Table 1, AC Overlaid
Bridge Deck.

A few trial skid tests using the "skidding car test"

were made on the frosty side of this bridge. It was found
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Figure’7.

Sutter County Test Bridges, looking
north.

30% TKPP has been applied to the right

side of the bridge. Note frost on left
side.
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that there was no significant ﬁifference in the skid distance
between the.frosty or wet bridbe deck. However, this would
not be true if the deck were ity or had a layer of snow. In

¥ this case, the frost apparently caused little danger to traffic

as far as skidding was concerned.
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DISCUSSION

The tests show that a 30% solution of TKPP applied at
a rate of 0,01 1b./sqg.ft. of bridge deck surface is an

effective frost preventative in mild climates. However,
whether or not the chemical affects the slipperiness of the
pavemegt more t+han water does depends upon the smoothness of
the pavement and perhaps the thickness and hardness of the
frost layer, if present;

If the skid test shows that a‘wet'gg dry deck can result
in a skid distance exceeding 8 feet, then the application of
any liquid, includiﬁg plain water, can create a hazard. For
axample, on the Bear Creek Bridge iﬂ District 10, the average
skid distance on the dry deck was 11 feet while wet with a TKPP
solution, the average distance was 22 feet,

‘The skidding car test can be used in other ways. For
‘example, in.one isolated test, the effectiveness of multiple

applications of sand on the skid resistance on compacted snow
was investigated. It was found that there was no significant
improvement on skid distance when sanding was done three times

instead of once.
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i
It is probable that the skidding car test may be

; i
useful in determining when to request the skid trailer so as

to determine the skid number pfi the pavement, or as a means to

set up a pridrity fo; the chi?'sealing'of a pavement to
increase the skid number. L

Based upon this study, it appears thaﬁ in some cases,
salting and sanding of bridge décks may be done as matter.of

“insurance" rather than as a result of actual need. For

example, in one maintenance area it was found that the actual

application rate of salt was an average of 0.001 lb./sq.ft.

of deck area, This amount of sélt is ineffective for the

prevention of hazardous frost conditions. However, the

muitiple applications of the sa;t is the cause of much bridge

deck deterioration. ;
Presently, it is not appropriate to make a cost com-

parison between the use of salt and TKPP to control frosting'

of decks. 1In one mainﬁenance area, it is estimated that

because of‘the lasting effect of TKPP, a maintenance crew

could reduce the number of "salting" patrols by more thanISO%

by using the TKPP solution. Also, the patrols could be made

during normal working hours instead of beginning them at.4:00 AM,
It shouid be emphasized that TKPP is only being

considered for those locations which are free of ice and snow,

Such areas are normally the valley locations in California
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where o6nly the bridge deck frosts'over and requires the use

of a chemicai to control frdsting;

In the previous work, itiwas observed that the most
effective use of any tested deiciﬁg chemical was to apply
it in liquid form pfior to the coﬁditions of frost and snow.
ﬁowever,-dnce ﬁhe_snow was packed; crystals of a deicer were
needed to peﬁetrate and‘break up the physical structure of
the ice or snow. | _'

It has been related to the authors that sodium formate
may be a lesser source of physical discomfort than calcium

chloride when skin or eye contact occurs. Therefore, for ice

. melting conditions when the temperature is less than about

15°F to 20°F (=9°C to -7°C) where calcium chloride is usually
used, sodium férmate may prove to be a satisfactory alternative
where the gquantities needed are not too great. Because of

the potential damage that might occur to the concrete by the

use of sodium formate, its use is not recommended.
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